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[ <i 1 1] /^f _/LD(?^ Ux 

miCri(D 'f "'9 OSfci qT jShIJ j:gib(c-pd 

[p ki 12] 4l<rfSi 1 knLftcD^ LHf^E 0?/f ^ 
[0 0 0 1 ] 

IJimo Jtr^'XiU r] 4.?fcMi^^?L Is»R6^co^'i 

U^'>A2::^«?t!3i:tft-r5o ) icMt^o 
[0 0 0 2] 

[t^*«Kffi] ffl^ CD ^-f 7°®1|?t{iA^^fflfcm^tlTfe 

[0 0 0 3] «?lit5©zi- FbXft^tC^tJS-r 

^Tc^ommtLX. ftXT^;l/4i~-ffi[S. SiMtls Si 
g aSMcD^>^; U f - A 2 ^MtSA^'a @ 

[0 0 0 4] U5"'j7A2:^flrfii:LT[±. fl^tf. fta 

:^-:i^y-^^^'-7 7 7-Y hm<DV 'f-'y L.-l' 

9mxi± fMt^tm. ^ ft y ^ A 1- > ^ F - tf 

> L ft #«ttift5j-?*-effM L ft t O e tiT 1/ ^ 
§o 3; ft. lEffi+^ti. {?iJxtf-«Stc (CFx) „ T'tk^ 
n§7';^ft,lli3\ C o L i 02 , Mn 02 . V2 05 . 
CuO. Ag2 C r 04^tO#]Si|fbfe. IcfttiT i 0 

2 . cusmo-MimmxifM-snxi-'^o 

[0005] C(D'J^^L.2 i^ltrtbtt. ftSM il LT(?3 
U^-i^A^b-^^Sl^JxtSit^WL. Sft. xf-U>':^j-7K^. 

^^^l/v^' K 2-i>'y< F:^->'X^X xF^H 
FP77>'^«^S?§^ti:L i PF6 . L i CF3 SO 

3. Lici04, LiBF4 m^mmntLTc^m^i 
^nmm^im tn^ § ft i6. mmoMim {c^-orn 

S5o f;eoT. c:o3«a:iJiK;g:P;5<-fti6(C'J^'i'A2^^ 
HM"? tig^WmtD ft i6 ^cfl/-? (DSIiA^^ffi? tlTl § o 

^^om^&'^ritch(Dxh^o sfts 'irwj^2^^b-^ 
A^'wr^v^ -y v^^'^ymm^ii^mm-'DXib^. 



U L/> J; D 3 0 °CfMltil*;6^'S;v^t° U 7°n t° L/> 

- 2 0 6 2 r, 7 ) Bi!^5A^gJ5:5?MP.'|±,a^jV«^ 
A'HHg (H^Wl<J^cii;f;Ux^^>^7)^;fLHI?lil^^^U 7°D 

« (tf f^fl^-^ 4-181651, mrmu e 2 - 1 0 8 5 
'c-sb D . mii!^oj:n u i.yA\-iga-r § c ct d -> 

tf L-y^^'i.lN U :r.^lyyoyM§micfM'ki±t\ -tr/^l^-^ 

mma^ ss? -L /c -b A 1^- ffjTO tffi'&m-c-ft 

0 . 0 1-0. 1 °C/»gJtO§:J6 6;6^*^Aj?fE-r-tr;l/0 
[0 n 0 6] 

[0 0 0 7] Mmm'mi(D^'jrj:mmicm.^zrj:-^ti 

/c t © S D s ^^ U xf^ b > .t° U 7°o ii° U >- i: ^f?ty 
fc 4-° U xf^ Uyayrmwrn d S i: fc®)it^iiI«TT- 1 

[0 0 0 8] 

[,«m*fWr?i-r5fci6f3^Ta] numlI iw^iid^-rs/cfe 

tc. *5|HjJ# tt.t^ U x^ u> ij 7°n \£yyt^ 6 ft 

: 7Ln)JwAMfinfc-.iiiAii!iiiiTWii^&^--rsfe©-'eaDS 
^ u- y i: U 7°a i^uyt ^^/vT-ft § f^?LMflST-$. o 



(3) ^mW- 9-24141 1 

4 

T , m.fim^ d -ti- -^?L Hflg c3 S d-: dS -Etlil-^ tEH 

Mmo immxicx-^r i o~5 or/#o,';ijf^TVi'?i„i 
^-^fcmcomMmu&t^ (4"ux9'^u>'C3im+2 o 

°C) J-X hT:-fei,c:i:;£#Mi:L.Tt^§o 
[0009] C(r)^5 ^s-A'-mmPiUWiojilimfiM 

m 1 ic-^stwimmm^cx-DX'&r^^nrco m i fcfc^-^ 
T. 1 0 imm'im^m ^nrct°v:ii^uyt 4-° u 7°p 

;o f-7A2:^®tii-^ffiffl^^nTi^§W«7:\ tf«*K 

m-vmm i.rzm<%(D t c^^ts i aiis. 2 

Hltt O«.K|i''.'tr^Jf.fefc-.[il<iKT<fe'0. cnpjCDrilrtii 

a^i-^x T- > t5ft 1/ ■> o ■^^fBi.li tiT V ^ 

So 3tt^?LKflSl 0^ii1i2©±ffifc[ilJl-r§/ci6(D 
^V"jy\ 4 atiSa-fe^+f. 4f±S|*-b>'-y-4 aT^t 

Wffil, 2fffl{cSfiftlMf5tcJ;t3S?tflE^entat-§ 

»?«©gffitc D mm'^'i. CT, ^?La)]i 1 0 m^fs. t 
20 mt^s, hl. t\ mwM&mi 1 r h z ~ 1 0 mh z . 

■<'dl±%'M(a± 5 ~ 2 0 0 VO i'|.'Li|Ji|T\ iliSvfi}fitci;S« 

g±#*A^ 10-50 °c/# mmmmk 2-5 
[0 0 10] fi't'^M>mm^'mf^t^Mmi on 

ga±#l®fcJ6tC;j-° U xf- U^A^fUa-r ^ < coif 

c ©.1^ ij x5^ bycDigg^fc J; -o rm<Dtmm^± 

fJiigJt*^' (4-^Ux-7'^y^Dili.;+ 2 0°C) OTT-*^?. 
JO feCitt. 4-°Uxf-byo?gg!l;A^~i«aSS<hi«-&fc^?LH)^^ 

(D um&m^~x t < tf jp b T «?jfE^ t iiif b ft t CD 
R^r'.iiffiictrv^b-^ ^ bTi[<?^jA/-£i:vf^, nmvm^ 

^bS^BHftCv^'-y h^?">^y;6«b. ^©lifellfflj 

nfto -73. ^mmimmti^ u'vx-^uymis^.+ z 

0°C) cl;D:^ti/-^tOti. ^1^"Uxf-iy>cDi^I[l!*'^^i^i;o 

A^o. ccDicjfcriftns'.iriAtcj; rim'um^ (^r'ux 

-^0 f-b'>'(?JlijiS+2 0°C) JcD-^t <ftofcttDT*'>§i: 
b Til l?^jAA.f£iy i'^r,|3fe;Jg*;gz b fcH-V cd -> ^ -y h ^' 

^ y^imhmtimmMmmufm (4^ u x^ b >cDai±r 

+ 2 0°C) J-XTTfeSli^^l^l^fttg^tD^ntttbT:^ 

HbfMit. Wiwifjii/yiiii^jT^-ri'uic. #U7°Dkiuv*^ 

?glifibTt°>'.i^-;l/;&fgaibTb3;5 tOfefeofto ft 

50 fc\ «cD!jSSIitcSAf S/jSTtt. i|i.trlifii;-i'y 
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.i? u x^ bb ^gUfbSA"-' 5 0-7 0 %©.t^ U 7°a tf b 

(D S C) ic^i^ltiiLLmiXh^o 

[0 0 1 5] ;0^:6^?)iJSfc=t-3Tf#P)ti.S^^ILMIl;^WJ 
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ff^tl-^^-r<. gi(!iiHtC^A'i 6 0%j;f9:'ctl'^:=)^Ux^b 
bfcfe'nMbfiA^ 7 0 % J; 19 ^v^l^.t^ U 7°D bb^lStt 
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U xf - b b t Sii'nMtKA"^ 5 0 - 7 0 % O.t^ U Tn H b b 
«|]ittti^E# L fcii-a- J; 19 . u xf - b yTkun' U 
7°D b b(U?X73 i: t ^ t < ? 1 1 5Sa'^ n§ c i: ii ^ S 
(Rtc. 4-°Ux5^bb*^^vt<'j|t5fEtf?n§o ) „ ri 
10 -dT. *^BJ!colS,i,{m">"6 0%J:i9::'vtV^4^°Ux^b 
b iilSUffcitA^ 7 0 % J; D :A:t U 7°D t: bbcDBitt 
ia>&5£ffLTf#P)tii.^?LK)l«. EI 2 (a) (c^tJ: 

9 <^\tmf^nrz.w\ton' u xf-bbg[s i o 

aA"''.t°U7°nb°bbgPl 0 bT-HttlfcttllK:^5:5„ - 

^^©Sii^iHbiiTb^' 4 o-o 0%©:^^''jx5=-bbi:S 
HftS:^^' 5 0-7 0 U 7°n bbcD!HAt^%gfE|3 
LTffbn?,=^?LMflitt. 0 2 (b) % 
Tmizm-Aiif- U xf^bbSP 1 0 a U 7°D tf bbSP 
1 0 bT-HSn/cm^JC^So :S;^b\ ^T'ti?L*#BSb 

20 Tl^S?b^ 4-°Ux^fbbg|n 0 a&t^^t^U7°^tfbbl 
0 bcD)i^75-tc-fLA'>'ffM^nTb5o cnb?X75-O^ILf€ 
li©b-rti{c4obTt. SJ^±#teJ;^3 4-^Uxf■bb/bS 
ff a b T t° U xf - b bg|3 1 0 a ©?L:^J^'a 5 . U x 
f^bbgpi 0 at«9l?5ftaMnT. ^U^DtibbgP 1 
0 b^»9 J;9lci6/S:<5^rIti5iii;tc7j§A\ 02 
( a ) ©*fgHj!©^^LaBil;-«4<iJ 7°n tf bbgp 1 0 b 
^oiti-siL^it 1 1 «.L/ftTiK7b^Lc<. M2 (b) <?3ty¥5t5 
«^fLKKl;«4^ U 7°n t° bbgp 1 0 b mMi'^mik 1 
2comSISA'>-ffi<^So f;¥oT. EI 2 (a) ©*fgi3j^ 

JO <Q5+LaibTa. :tUx9^b^A^7€ri ibTt°Ux5^bb 
n|) 1 0 a cofLA iitA^ofcEI?i^iTlfi^f4ffjfJJ,}jiA>-J^t < m 

IJy©,"JicA^ ii±!ri'b. vibdUUA^ C^^Uxf-bbtDfa 
fi+2 0°C) ^iax.:S;brEH-efgT-rSili:i::Q;5o - 
0 2 (b) cD?iE5l5£D^-fLi[fliT'ti. ^-"Ux^bbA'i 
«Hll!bTt°Uxf-bbg|n 0 afD^LA^SKA^tlTfe. 3f°U 
X^^bbgPl 0 aCD?L*sm^n§m (^i^Ux^bbg[il 
0 a i:4-^'J7°nt:bbgP 1 0 bOS7^t35§?L^/l-bT 
, V{ki)\\\\^ \m) t , [. /;1tiiKO b ^ Jife ^ t) tS: b 
40 iltOH^i±^TcDflS^f^«tt^a^r^f;J^^i/J^^<. CCD 

'ikmmhfc^^ U x^ bbjbbt" U 7°n b° bb l O b ©IL^ 
j,Lb/cH'j>5T, » m<?3ttAiA^At<t!vl]ab, ttrifLltir 

SifiA'' (4<Ux-f-bb(DiJ!.fi+2 0°C) ^ia;i5rlfiS 
•VU^l b fcftfg F-r 5 C i: S . 
[0 0 1 6] ttiRBtcfcbT. d-°Ux^bbi;.t°U7°nb° 
bb(D?I^!f*il (7n-Y) tDM-m (7-i';bAft) (i. 
^(i T :5-^ffH:irS, b7 b-b 3 ymf(D{ik^o-^y5m 
X"iit>n^o S/c. iKUxf-bbi:.tbjynli°bb©7' 

50 x^-( mmm-^m^t^y^mtLT^t. u-}\,m^s j- 



d ) . \&.m.fx'vm c 1 wiMffc^ b/cft c (Dm^oym^fj 
nt\n--oyu^f Mtcfj/siifniB^Tr 

i:-r§i:. -20 "C- (Tn,b-2) °C tDglfttfltelTfT ^ 

7" /I royL\,Mi&vmRa A-VJiyu^ o5 

fili;^T»b°Ci:t-§^. {fiS)tpI«*^- 2 0 °C~ (T™b 
-30) rOfiltfiHts? Cfe 0 , r.jfiftJpWflU^ ( 1 ™b - 

0) °C~ CT„b-2) r(?3SSfiS«T-S^«*WSL 

Ci:. J&<-IW*j^/jjT K'alff^n. LA^t?Lf2(?Jffi 
^O^A^jHc^^tlT. miMt^^^Li^-'^m (0. 00 5 
~1 ;irn) . mfi^ (2 0-8 0%) ^Wf -S^yLafll 

/^(i L L /it. 1^ 16 1 J ;^ ^ D t Lf^f3 

$ L 1/ ^eH^: P, -To en B O^ifEfJT^ffitc J; § 5ifEj3;g- 
fT-^/LP^'WllUftt' i.fttifei i± fft 1= FlE-t (*!( 

1 ) Tg^n?>JEfffH-^|2ti-SSfc 5-6 0 0 %. L 
<ti2 0-3 0 0%T35§c m\) Lo tt^SfEfJ 

[0 0 17] 

SiWifS-* = X 1 0 0 



[0 0 18] S/c. llHlcDEf*XfS*^?.^§3ll7'5a^C 

fc'i t . 'imm(DMi^Tmi)-^ ^ s m 2 -m 4 A^?£fc 

fcV^Tt. g-XSTf^SfEf]iag(±. -IkHci 0-5 0 0 
0 %/m i n . L < 1 0 0 - 1 0 0 0 %/rn i n 

7 P Y © ^ f LKM-ii P. ^5: § ^ILSMfc o t ^ T i»] L 
A\ t;^ * A ^ P. }I S ? n T 1/ ^ § .t° U i 5^ U y i: .t^ U 7° D 

«7nY]I;g:t#i,pgtc. |gS,ftSA^6 0 % J; D :iv§(/^Ji? 
y xf- t . If^sHftftA^ 7 0 % J; D ;^$l^^t° U 7°p ti° 

t-§mH§itcT^S„ 1-^^315. 0%J; 
(9 :A: 1 1 ^ U X ^ y i: gUf fcg 0 % i f? ^ 1 1 ^ 
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u rtn^uyoT/u^oyimmt. 7"p tfbyoii 

^'U^stifcziFilfjI. .°U7°ptfu^ rioDriri[fit7 
^li^stafcHH'-ui, 7P'r;4^^°U7Pbb>r 

^litAiijcoi^-rnT-s -3 T t J; I V, 

[0 0 2 0] 4^°Ux^l.>i:jKU7°Ph°U>'(r)7 

T . u x5=- yyt^ivy°o\:^yy(D7tiy co^im 
m O'nym) i:I^^U7"Pt."^y<?3^?LK)3i Ot°U7°p 
t° b>ll) ^; ^fHi b/c 7°(^^?LMP^ff Sif^-^ 
SioT*.. fll1A!f^^5i]if*-rSiifiJcii«!f^^c7^-U y^'" 

^ffi-Tc iito7x-u y^/it^^imitmc 

3?fLP^Kfe5*?^-r§„ CC37::i-Uy^'tt (T™b 

-3 0) °c- (T^b-2) vo^umm-c-'noo^mm 
[0 0 2 1 ] i:j.±ommy5mcx-DT'4zmm^^imm 

20 ^i-^A^^t^C:. IP^f4k5:"t5-'Jx^b^ osa^l 
^ 1 2Sa%iX±tL^ltntf:ftP.;S;l^ci:^%tlfci 
tiSiiSLTi/^So ctia. SP><. ;3^°'Jx9^ixy«iS^ 
♦AM 2att%fcm^v^«^«. Ili[l5fc-¥fc<?ltE 

It ^ n/cff^ttTi^ffi-r 5 u xg^ u >gi50i?i'±aA'5'>^ 

f-U>Old#*A^-9 0fiM%^Sx2,±i^t±. d-°Ux^ 
fji^f*tc^1-§4-^Ux5^bycDia^*tD±PB(±9 0 

[0 0 2 2] ^§%moj^jymmjimi-mic o . o o 

5— 1 /^m. L< (±0. 0 1—0. 5^mTfe§. 
3E?L^$^l±-)!StC 2 0-8 0%. L < 3 0 - 7 0 % 
T-S^o Sfc. *JgB^©^?LKii»jgt-'54^°Ux^U 

m. S/£t±rffmS©^t>'JX5^by^. tlffittt0.t°Uxf^ 

p ym(Dmm vx.^yy^m'^ctij'^'u-^^, ^ 
Tc. .t°y 7°D \^yy(DmmmKm-f^^n^i>uf7i'itr^ 

y-h\My^7lWi^'i§^rcmcii7'{y9i7-^yi7^y 
40 "f^y ^ X A^' 9 0 %W±. S L < a 9 5 %«±07-i' V 

^'7=}-y^^^^)yu\£y y^m t ^ § o^mj t ti \, 

[0 0 2 3] *fgBi!tD^?LSM«iJf-^A2ii»J®t!©-b 
^^U-^/'£ttt^:&<. U^<>i. 1 

'^•■/tfa^ftiJCi ^ -r 7°Wi'fi©-b^ ^ U- ^ ^ L T t fgil T t 

[0 0 2 4] 
[^ftil^lj] 

W« 1 ) ISti,fta7 0%c'Dt°Ux^u>'i:, iguft 
gS 0%(?3.i?U7°Pb°Uy;&ffi;lL. Ctlb^rHl^tt 
50 (.t° U x^ Uy : .t° U 7°P tf py) 6 : 4 OiiJ^Tlia- 
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L/- ' 7 I fLL ^JDa. ( 1 1 5 C " 
1(0 3 1 f[l Tf|i4 T Mil L 

0 0 1 /i O^fL fl ^fF L 

cL 3 ^ Lt-fft R„r (I II 47 

a) ri b 1. r ^Xx bxi o ^<j)ic 

L 3ir f Tl> ti ^iL k% 

L 1 ! L/- T 1 t l^f ^xi 0 0 k 

11 ('^Ti r^J. m \Xt Lf CO 

I ( ^ ^ 2 f T-tO) 0 C 

/TraDj/- U3i±iJr 1±F iPrrfef^W^ L 

Ti n±J ^( Jib -5 ^ ±£:t 

* K> L Ed. 1 ? CT ! 

(jpUxf-LxycJ^iiif (1 2 5°C) +2 0°C) "PSS 1 
1 5 C ^ h S-D etc ^ LKfl ^ 

D [ ]7t L c 0 0 Q(?J?t dift ) t LT U " 
^ ffr-^ ^ J5^7 f 2 L i 

\y \ ^\ sitLX I C 0 c_^40Wi:L 
T«A-jH>-i:N-;^f-;l't:PU (NMP) (DMt: 

L i^'ptXMlcD LfeU L fT-btl 

(EC) i:DMC (v>-^f-;bA-d<:7.-h) :^mm (f* 
ftLl 1 "S-L/S IJ ll/fL Pt6^1 
^ l- ftl L |f f ^ -L t©*- / Tp, 

t I fF-L iLpf ifttlOOCyTT j: 

* 1 L Lc ± i Lo?c;;(i?E ^ 

i^-r Q % 3 1 C a t L r I r m t \-k^ii 

f ({ 7 0 M ^DpE L c(± 1 Ct±7 

5 0mA. 2 C t± 7 5 0 X 2 = 1 5 0 0 m A , 0 . 5 C 
li7 5 0/2 = 3 5 Qm\trs^) , 

[0 0 2 5] (tmm 1 ) iSiHiftiS 5 0 % © .t° u xf - u 
> fe^i'n'iftfi 6 0 IJ 7u t; u y^jm^tcim 
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(54) POROUS MEMBRANE, ITS PRODUCTION, AND LITHIUM ION 
SECONDARY CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a porous membrane which contains 
polyethylene and polypropylene, and is useful in the production of lithium ion 
secondary cells because it has specific temperature characteristics, shows 
excellent current-breaking properties as a battery separator, when used as a cell 
separator and stably works without ignition of fire by the external short-circuit. 
SOLUTION: This membrane is porous membrane containing (A) polyethylene 
and (B) polypropylene (for example, a simple porous membrane of a mixture of 
A and B or a porous membrane formed by alternately laminating a porous 
membrane of an A and B mixture and a porous membrane of B). When the 
porous membrane is impregnated with an electrolyte solution, electrodes are 
arranged onto both main faces of the porous membrane and an alternating 
voltage is applied to the electrodes to raise the temperature of the membrane at 



a rate of 10-50°C/second by the resistance heat of the electrolyte solution, the 
maximum temperature to be reached is adjusted to be equal to or less then (the 
melting point of the component A +20°C). This porous membrane is prepared, 
for example, by mixing component A of >60% crystallinity with component B of 
<70% crystallinity so that the proportion of component A becomes >12wt.% and 
by monoaxially orienting the membrane of the mixture. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Porous membrane characterized by being the porous membrane which 
comes to contain polyethylene and polypropylene, and the highest attainment 
temperature when having arranged the electrode to both the principal planes of 
porous membrane into which the electrolytic solution was infiltrated, impressing 
alternating voltage to this electrode, and carrying out the temperature up of the 
porous membrane at a rate of 10-50 degrees C/second by resistance generation 
of heat of said electrolytic solution being the following (melting point of +20 
degrees C of polyethylene). 

[Claim 2] Porous membrane according to claim 1 whose porous membrane is 



the porous membrane simple substance of the mixture of polyethylene and 
polypropylene. 

[Claim 3] Porous membrane according to claim 1 which is the porous membrane 
of the laminated structure which carried out the laminating of the 1st porous 
membrane which porous membrane turns into from the mixture of polyethylene 
and polypropylene, and the 2nd porous membrane which consists of 
polypropylene by turns. 

[Claim 4] The manufacture approach of the porous membrane made to 
porosity-ize by extending one shaft of filmy materials which mixed and become 
so that it may be the approach of manufacturing porous membrane according to 
claim 1 and the rate of combination of said polyethylene may become 12 % of 
the weight or more about polyethylene with larger crystallinity than 60%, and 
polypropylene with larger crystallinity than 70%. 

[Claim 5] The manufacture approach of the porous membrane according to 
claim 4 extends in the same as that of the extension direction in a field, or the 
different direction, and it is made to porosity-ize whenever [ said 
low-temperature ] in the high temperature field of ** (Tmb-30) - (Tmb-2) ** after 
extending one shaft of filmy materials in a field whenever [ low-temperature / of 
-20 degrees C - (Tmb-30) ** ], if the melting point of polyethylene is made into 
Tmbdegree C. 



[Claim 6] The manufacture approach of the porous membrane according to 
claim 5 which the extension direction in a field and the extension direction in a 
high temperature field are the same directions whenever [ low-temperature ], 
and extends a filmy material again in the extension direction in a field, and the 
different direction whenever [ said low-temperature ] after extending in said high 
temperature field. 

[Claim 7] The manufacture approach of porous membrane according to claim 4 
that the upper limit of the rate of combination of the polyethylene per whole filmy 
material is 90 % of the weight. 

[Claim 8] The manufacture approach of the porous membrane made to 
porosity-ize by extending one shaft of filmy materials of a laminated structure 
with which it is the approach of manufacturing porous membrane according to 
claim 1, the laminating of the 1st filmy material which comes to mix polyethylene 
with larger crystallinity than 60% and polypropylene with larger crystallinity than 
70%, and the 2nd filmy material which consists of polypropylene was carried out 
by turns, and it ****ed the rate of combination of the polyethylene per whole to 
12% of the weight or more. 

[Claim 9] The manufacture approach of the porous membrane according to 
claim 8 extends in the same as that of the extension direction of extension in a 
field, or the different direction, and it is made to porosity-ize whenever [ said 



low-temperature ] in the high temperature field of ** (Tmb-30) - (Tmb-2) ** after 
extending one shaft of filmy materials of a laminated structure in a field 
whenever [ low-temperature / of -20 degrees C - (Tmb-30) ** ], if the melting 
point of polyethylene is made into Tmbdegree C. 

[Claim 10] The manufacture approach of the porous membrane according to 
claim 9 which the extension direction in a field and the extension direction in a 
high temperature field are the same directions whenever [ low-temperature ], 
and extends the filmy material of a laminated structure again in the extension 
direction in a field, and the different direction whenever [ said low-temperature ] 
after extending in said high temperature field. 

[Claim 1 1] The manufacture approach of porous membrane according to claim 8 
that the upper limit of the rate of combination of the polyethylene per whole filmy 
material of a laminated structure is 90 % of the weight. 

[Claim 12] The lithium ion rechargeable battery which comes to insert into 
inter-electrode [ of a pair ] what infiltrated the electrolytic solution into porous 
membrane according to claim 1. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to porous membrane and its 
manufacture approach, and a list at a lithium ion rechargeable battery (hereafter, 
it omits and is also called a lithium rechargeable battery.). 
[0002] 

[Description of the Prior Art] Practical use is presented with the cell of various 

types, and a separator is made to intervene among two poles for the short circuit 

prevention between positive/negative two poles by these cells. 

[0003] The lithium rechargeable battery is capturing the spotlight from a high 

energy consistency, high electromotive force, the little of self-discharge, etc. as a 

cell for corresponding to cordless-ization of electronic equipment etc. in recent 

years. 

[0004] As a lithium rechargeable battery, what formed adsorption, the ingredient 
which carries out occlusion, or the lithium ion by the doped conductive polymer 
is known [ lithium ions /, such as an alloy of a metal lithium, a lithium, and metals, 
such as aluminum, carbon, and graphite, ] in negative-electrode material, for 
example. Moreover, positive-electrode material is formed with sulfides, such as 
a metallic oxide of graphite fluoride [ which is shown by n generally (CFx) ], 
CoLi02, Mn02, V2 05, CuO, and Ag2 Cr04 grade orTi02, and CuS, etc. 



[0005] This lithium rechargeable battery has reactivity with the strong lithium as 
negative-electrode material. Moreover, ethylene carbonate, propylene carbonate, 
an acetonitrile, organic solvents, such as gamma-butyl lactone, 1, 
2-dimethoxyethane, and a tetrahydrofuran, - LiPF6, LiCF3 303, LiCI04, and 
LiBF4 etc., since the electrolytic solution of the non-drainage system used as the 
electrolyte is used If an external short circuit arises by misuse of a cell, a current 
will flow between positive-electrode-negative electrodes, generation of heat by 
resistance of the electrolytic solution is produced, the interior of a cell goes up 
remarkably and there is a danger of causing major accidents, such as ****** and 
a burst, at last. Therefore, in order to prevent such accident, in the lithium 
rechargeable battery, various devices are given for the safety practice. For 
example, when the temperature of a cell rises by the external short circuit, a 
current interrupting device is constituted so that evaporation of the electrolytic 
solution etc. may cut a part of circuit compulsorily using the atmospheric 
pressure inside a cell going up. Moreover, the shutdown device which the 
separator for cells has is also one of the insurance devices, and various 
proposals are made about this. For example, there are what about 30 degrees C 
of melting points become from the porous membrane of the mixture (alloy) of 
high polypropylene from the polyethylene which has the melting point in a 
shutdown initiation design temperature, and polyethylene (JP,4-206257,A), a 



thing (JP,4-181651,A, JP,62-10857,A) which consists of laminating porous 
membrane which carried out the laminating of the porous membrane (they are 
specifically the porous membrane of polyethylene and the porous membrane of 
polypropylene) of the thermoplastic giant molecule with which the melting points 
differ, when each of these be close by the resin which the hole of porous 
membrane fused , a membranous electric resistance ( resistance be only call 
hereafter . ) increase , and a current be intercept , a shutdown begin at low 
temperature when the polyethylene of a low-melt point point fuse , and it work 
[ high-melting polypropylene do not fuse at the time of melting of polyethylene , 
but ] so that the film configuration of a separator may be hold , sufficient 
heat-resistant temperature be acquire . In addition, after the shutdown property 
in the separator which consists of this porous membrane usually forms a eel on 
both sides of both the principal planes of a separator into which the electrolytic 
solution was infiltrated with an electrode and supplies this eel to a dryer, it 
measures electrode temperature and inter-electrode resistance, raising the 
temperature of a eel with about 0.01-0.1 degrees C [/second ] smooth inclination, 
and is evaluating them from this electrode temperature and the relation of 
resistance. 
[0006] 

[Problem(s) to be Solved by the Invention] It is expected that amelioration of the 



cell ingredient of a lithium rechargeable battery progresses, and the output 
capacitance of a cell is large, and prospective in addition much more large 
capacity-ization progresses these days. For example, the output capacitance of 
a cell improves 2 to 30 percent by changing into nickel Co which is a 
positive-electrode ingredient. Moreover, when corks material is used for a 
negative electrode, it is also possible to obtain a twice [ about ] as many output 
capacitance as this (however, amelioration of the component of cells other than 
a negative-electrode ingredient need). However, if the output capacitance of a 
cell becomes large, when an external short circuit is carried out, the current 
value which flows between a positive electrode and a negative electrode will also 
become large, and the temperature rise by resistance generation of heat at the 
time of an external short circuit (generation of heat by resistance of the 
electrolytic solution) will also become quick. Therefore, as a separator, when an 
external short circuit is carried out, what shows the outstanding current barrier 
property (shutdown property) formed into high resistance to extent which can 
intercept a current in an instant is required increasingly. 

[0007] This invention is made in view of the above technical problems, it is the 
porous membrane containing polyethylene and polypropylene, and if melting of 
polyethylene happens when it is used as a separator for cells, it will aim at 
offering the porous membrane formed into high resistance, and its manufacture 



approach to extent which can intercept a current immediately. 
[0008] 

[Means for Solving the Problem] In order to attain said purpose, this invention 
persons examined wholeheartedly the porous membrane which consists of 
polyethylene and polypropylene, and it turned out that it is what does so the 
current barrier property excellent in the porous membrane from which the 
following temperature characteristics are acquired. That is, the porous 
membrane of this invention is porous membrane which comes to contain 
polyethylene and polypropylene, it arranges an electrode to both the principal 
planes of porous membrane into which the electrolytic solution was infiltrated, 
impresses alternating voltage to this electrode, and is characterized by the 
highest attainment temperature when carrying out the temperature up of the 
porous membrane at a rate of 10-50 degrees C/second by resistance generation 
of heat of said electrolytic solution being the following (melting point of +20 
degrees C of polyethylene). 

[0009] The temperature characteristic of the porous membrane of such this 
invention was measured by the evaluation testing machine shown in drawing 1 . 
'•^ drawing 1 , 10 is porous membrane which the electrolytic solution becomes 
from the polyethylene with which it sank in, and polypropylene. This electrolytic 
solution is the electrolytic solution currently used by the general lithium 



rechargeable battery, and is the thing of a non-drainage system explained with 
said conventional technique. It is the electrode with which 1 served as the 
electrode and 2 served as the installation base of porous membrane 10, and 
neither platinum nor a stainless steel rope rusts, and these electrodes are 
formed. The thermometer which outputs the temperature as which a clip for 3 to 
fix porous membrane 10 to the top face of an electrode 2 and 4a were detected 
with the temperature sensor, and 4 was detected by temperature sensor 4a, and 
5 are AC power supply. If alternating voltage is impressed by AC power supply 5 
between an electrode 1 and 2, a current will flow to the porous membrane 10 
into which the electrolytic solution sank, generation of heat will arise by 
resistance of the electrolytic solution, and porous membrane 10 will carry out a 
temperature rise. Here, a power line period is 1kHz - 10MHz, and the range of 
electrical-potential-difference actual value is 5-200V, and it is adjusted so that 
the rate of a temperature rise by electric resistance may become [ second ] in 
10-50 degrees C (average which is after [ energization initiation ] 2 - 5 seconds) /. 
[0010] If this energization condition is continued, polyethylene will fuse porous 
membrane 10 for a temperature rise. After in many cases membranous 
resistance increasing, a current's not flowing, and the rate of a temperature rise 
falling and reaching a maximum temperature by melting of this polyethylene, 
temperature falls gradually. Here, that whose highest attainment temperature is 



the following (melting point of +20 degrees C of polyethylene) can be interpreted 
as the electric resistance of porous membrane increasing greatly and 
intercepting a current effectively immediately, if melting of polyethylene starts, 
the porous membrane which shows such the temperature characteristic is 
constructed as a separator on a cell, and it is ** -- a case -- an external short 
circuit -- being generated -- if - an instant -- a shutdown -- starting - after that -- 
a film configuration - stability -- maintaining - having - having excelled -- a 
shutdown -- effectiveness - obtaining - having had . On the other hand, what 
has the larger highest attainment temperature than (the melting point of +20 
degrees C of polyethylene) requires time amount, after melting of polyethylene 
starts before resistance of porous membrane increases greatly, and 
membranous temperature can be interpreted as becoming larger than (the 
melting point of +20 degrees C of polyethylene) according to the current which 
flows in the meantime. When such porous membrane was included in a cell as a 
separator, initiation of a shutdown when an external short circuit arises could not 
maintain delay and a film configuration to stability greatly as compared with it at 
the time of using the film said whose highest attainment temperature is the 
following (melting point of +20 degrees C of polyethylene), and the outstanding 
shutdown effectiveness was not acquired. Moreover, before unlike the above the 
temperature of porous membrane continued rising after energization initiation 



and the highest attainment temperature was shown, some which polypropylene 
fuses and generate a pinhole were. In addition, by the approach of supplying to 
the conventional dryer, the relation between temperature and an impedance was 
only seen. On the other hand, above, by the approach of this invention a 
publication, the phenomenon which cannot be predicted only by passing a 
minute current which measures an impedance in which a hole opens on the film 
can also be checked, and this just becomes important for the safety of a cell. 
[0011] Moreover, the manufacture approach of the 1st porous membrane of this 
invention is made to porosity-ize by extending one shaft of filmy materials which 
mixed and become so that the rate of combination of said polyethylene may 
become 12 % of the weight or more about polyethylene with larger crystallinity 
than 60%, and polypropylene with larger crystallinity than 70%. According to this 
manufacture approach, if the porous membrane of this invention which has said 
temperature characteristic, i.e., melting of polyethylene, starts, the porous 
membrane to which the electric resistance increases to extent which can 
intercept a current immediately can be manufactured rationally. 
[0012] Moreover, the manufacture approach of the 2nd porous membrane of this 
invention is made to porosity-ize by extending one shaft of filmy materials of a 
laminated structure with which the laminating of the 1st filmy material which 
comes to mix polyethylene with larger crystallinity than 60% and polypropylene 



with larger crystallinity than 70%, and the 2nd filmy material which consists of 
polypropylene was carried out by turns, and it ****ed the rate of combination of 
the polyethylene per whole to 12% of the weight or more. While being able to 
manufacture rationally the porous membrane of this invention which has said 
temperature characteristic like said 1st manufacture approach according to this 
manufacture approach, the porous membrane obtained becomes a laminated 
structure containing the porous membrane of polypropylene, and the porous 
membrane by which a film configuration is maintained more by stability at the 
time of polyethylene melting can be obtained. 

[0013] Moreover, the lithium ion rechargeable battery of this invention is 
constituted on both sides of what infiltrated the electrolytic solution into the 
porous membrane of this invention which has said temperature characteristic in 
inter-electrode [ of a pair ]. . By having made it such a configuration, even if it 
carries out an external short circuit, neither ignition nor short-circuit takes place, 
but is possible for the lithium ion rechargeable battery which operates stably. 
[0014] 

[Embodiment of the Invention] Although the porous membrane of this invention 
does not have the above mentioned temperature characteristic and especially 
the manufacture approach is not limited, there are no worries about 
environmental pollution in below, and a process (activity) explains an example of 



the easy manufacture approach, in the approach of making it porosity-ize by this 
acquiring the process of the porous membrane currently performed from the 
former in this kind of field, i.e., the filmy material of the mixture (alloy) of 
polyethylene and polypropylene, and extending this filmy material It is an 
approach [ what / has the larger degree of crystallinity as polyethylene than 60% 
/ (preferably 70% or more of thing) ] using what has the larger degree of 
crystallinity as polypropylene than 70% (preferably 80% or more of thing). In 
addition, generally 50 - 70% of polypropylene is conventionally used 
[ crystallinity ] for 40 - 60% of polyethylene, and crystallinity. Said degree of 
crystallinity is the value measured with the differential scanning calorimeter 
(DSC). 

[0015] Although the reason used as what has the temperature characteristic 
which the porous membrane obtained by this process described above is not 
clear, this invention person has guessed as follows. Namely, even if it extends 
on the same conditions, the ingredient with high degree of crystallinity is easy to 
be extended. When the filmy material of polypropylene with larger polyethylene 
and crystallinity with larger crystallinity than 60% than 70% is extended. Rather 
than the case where the filmy material of 50 - 70% of polypropylene is extended, 
the both sides of polyethylene and polypropylene will be greatly extended [ 40 - 
60% of polyethylene, and crystallinity ] for the conventional crystallinity 



(polyethylene is extended especially greatly.). . Therefore, as shown in drawing 
2 (a), polyethylene section 10a of the configuration extended flat will be 
surrounded by polypropylene section 10b by the porous membrane from which 
the polyethylene and crystallinity with larger crystallinity of this invention than 
60% extend the filmy material of larger polypropylene than 70%, and are 
obtained. On the other hand, as shown in drawing 2 (b), globular form 
polyethylene section 10a will be substantially surrounded by polypropylene 
section 10b by the porous membrane from which 40 - 60% of polyethylene and 
crystallinity extend the filmy material of 50 - 70% of polypropylene, and the 
conventional crystallinity is obtained. In addition, the hole is formed in the both 
sides of polyethylene section 10a and polypropylene 10b although the hole is 
omitted by a diagram. Although a current will not flow to polyethylene section 
10a, but a current will flow so that polypropylene section 10b may be sewn when 
polyethylene fuses by the temperature rise and the hole of polyethylene section 
10a is closed also in any of the porous membrane of these both sides By the 
porous membrane of this invention of drawing 2 (a), the current path of a current 

1 1 of flowing polypropylene section 10b is long, and the current path of a current 

12 of flowing polypropylene section 10b becomes short by the conventional 
porous membrane of drawing 2 (b). Therefore, it will fall in the range in which 
resistance of the whole film increases greatly when polyethylene fused in the 



porous membrane of this invention of drawing 2 (a) and the hole of polyethylene 
section 10a was closed, a current screening effect (the shutdown effectiveness) 
is acquired, membranous temperature once rises, and a maximum temperature 
does not exceed (the melting point of +20 degrees C of polyethylene). On the 
other hand, even if polyethylene fuses and the hole of polyethylene section 10a 
is closed by the conventional porous membrane of drawing 2 (b) In order for the 
current path length before the hole of polyethylene section 10a is closed 
(condition that a current flows through the hole in both polyethylene section 10a 
and polypropylene section 10b) to hardly change, When the polyethylene which 
the increment in resistance of the whole film in this time was small, and was 
fused after this closes the hole of polypropylene 10b It will fall, after going up to 
the temperature to which resistance of the whole film increases greatly, and a 
current screening effect (the shutdown effectiveness) Is acquired, consequently 
membranous temperature exceeds (the melting point of +20 degrees C of 
polyethylene). 

[0016] In the above, the shape-ization of film (film-izing) of the mixture (alloy) of 
polyethylene and polypropylene is performed by well-known approaches, such 
as for example, a T-die extrusion method and a tubular film process, moreover, 
as an approach of extending the filmy material of the alloy of polyethylene and 
polypropylene How to extend to 1 shaft orientations by approaches, such as roll 



extension and tenter extension, (the 1st approach), How to extend again in a 
high temperature field in the same extension direction as the extension direction 
of this extension, after extending one shaft in a field whenever 
[ low-temperature ] (the 2nd approach). How to change the extension direction 
with the extension direction of this extension, and extend again in a high 
temperature field, after extending one shaft in a field whenever 
[ low-temperature ] (the 3rd approach). After extending one shaft in a field 
whenever [ low-temperature ], it extends again in a high temperature field in the 
same extension direction as the extension direction of this extension, and the 
method (the 4th approach) of changing the extension direction to this extension 
further, and performing third-time degree extension etc. is adopted. When the 
melting point of polyethylene is made into Tmbdegree C by the 1st method of 
performing one extension, it is desirable to carry out in the temperature field of 
-20 degrees C - (Tmb-2) **. Moreover, when the melting point of polyethylene is 
made into Tmbdegree C, it is [ whenever / low-temperature / in the 2nd which 
performs two extensions or more - the 4th approach ] desirable [ a field and a 
high temperature field ] that a field is a temperature field of -20 degrees C - 
(Tmb-30) ** whenever [ low-temperature ], and a high temperature field is a 
temperature field of ** (Tmb-30) - (Tmb-2) **. This is because the desirable 
aperture (0.005-1 micrometer) which it is extended efficiently, and 



expansion-ization of an aperture is moreover fully made, and mentions 
performing eachi extension in these temperature fields and a filmy material later, 
and the porous membrane which has a void content (20 - 80%) can be obtained 
with sufficient repeatability. Moreover, when it extends by the 4th approach, in 
the point of making a hole existing uniformly in expansion-izing and the film of an 
aperture, a more desirable result is brought about rather than the 1st - the 3rd 
approach. Generally the draw magnification of the filmy material at the time of 
performing extension by these extension approaches, i.e., the draw 
magnification expressed with the following formula (several 1), is 20 - 300% 
preferably 5 to 600%. The inside of a formula (several 1), and LO The die length 
of the filmy material before extension, and LI It is the die length of the final filmy 
material after extension. 
[0017] 
[Equation 1] 

[0018] moreover, the 2nd - the 4th approach of consisting of an extension 
process of multiple times also in the 1st approach of consisting of 1 time of an 
extension process -- also setting -- the extension rate in each process -- general 



-- 10 - 5000% / min -- they are 100 - 1000% / min preferably. 
[0019] Although the above explained the porous membrane which consists of 
one layer of porous membrane of the alloy of polyethylene and polypropylene 
Also in the porous membrane of the type which carried out the laminating of the 
polyethylene proposed from the former, the porous membrane (alloy layer) of 
the alloy of polypropylene, and the porous membrane (polypropylene layer) of 
polypropylene In case the alloy layer of polyethylene and polypropylene is 
obtained, it is made at the porous membrane which has the heated temperature 
characteristic of this invention by using polyethylene with larger crystallinity than 
60%, and polypropylene with larger crystallinity than 70%. That is, the laminating 
of polyethylene with larger crystallinity than 60%, the filmy material of the alloy of 
polypropylene with larger crystallinity than 70%, and the filmy material of 
polypropylene is carried out, and this is extended and porosity-ized by the same 
extension approach as the above. Laminated structures here may be any of the 
two-layer structure of an alloy layer and a polypropylene layer, 3 layer structures 
which put the polypropylene layer on both the principal planes of an alloy layer, 3 
layer structures which put the alloy layer on both the principal planes of a 
polypropylene layer, and the multilayer structure which carried out the laminating 
so that a number of layers total by turns [ of an alloy layer and a polypropylene 
layer ] might become four or more layers. 



[0020] Moreover, even if it is the case where the porous membrane of the type 
which carried out the laminating of polyethylene, the porous membrane (alloy 
layer) of the alloy of polypropylene, and the porous membrane (polypropylene 
layer) of polypropylene is obtained even if it is the case where the porous 
membrane which consists of one layer of porous membrane of the alloy of 
polyethylene and polypropylene is obtained, before extending a filmy material, 
annealing can be performed to a filmy material. This annealing serves to raise a 
void content at the time of porosity-izing. As for this annealing, it is desirable to 
carry out in the temperature field of ** (Tmb-30) - (Tmb-2) **, and it is performed 
for several seconds to about several hours. 

[0021] When manufacturing the porous membrane of this invention by the above 
manufacture approach, it is checking by experiment that the rate of combination 
of the polyethylene to the whole film must be carried out to 12% of the weight or 
more. Probably, when not filling the rate of combination of polyethylene to 12% 
of the weight, the abundance of this of the polyethylene section which exists in 
the configuration extended flat in the film decreases too much, and it is 
considered to be because for huge-ization to no longer be made fully in a current 
path. Moreover, when the rate of combination of the polyethylene to the whole 
film exceeds 90 % of the weight, when polyethylene fuses, there is a case where 
it becomes impossible to maintain a film configuration, and, as for the upper limit 



of the rate of combination of tlie polyetiiylene to the whole film, it is desirable to 
carry out to 90% of the weight. 

[0022] Generally 0.005-1 micrometer of apertures of the porous membrane of 
this invention is 0.01-0.5 micrometers preferably. Generally a void content is 30 - 
70% preferably 20 to 80%. Moreover, especially the class of polyethylene which 
constitutes the porous membrane of this invention is not limited, and can use 
various polyethylene, such as polyethylene of a low consistency, semi-gross 
density, or high density, and straight chain-like polyethylene. Moreover, although 
especially the class of polypropylene is not necessarily limited, either, in order to 
obtain a high void content, it is desirable that an isotactic index uses 95% or 
more of isotactic polypropylene preferably 90% or more. 

[0023] Of course, the porous membrane of this invention can be used also as a 

separator of a lithium (ion) primary cell or other type cells not only in the 

separator of a lithium rechargeable battery. 

[0024] 

[Example] 

(Example 1) After preparing polypropylene of 80% of crystallinity and mixing 
these with polyethylene of 70% of crystallinity at a rate of a mixing ratio 
(polyethylene: polypropylene) 6:4, it film-ized, and heat was applied (at 115 
degrees C), 1 shaft extension of 160% of draw magnification was performed. 



and thickness produced the porous membrane 0.04 micrometers and whose 
void content 25 micrometers and an average aperture are 45%, And the 
electrolytic solution (LiBF4 mixed solution of melting propylene carbonate and 
DME (dimethoxyethane)) was sunk into this porous membrane, and both 
principal planes were inserted with the electrode made from stainless steel. And 
both this principal plane carried in the evaluation testing machine which showed 
the porous membrane pinched with the electrode to said drawing 1 , and 
impressed sinusoidal alternating voltage with a frequency of 100kHz by 
actual-value 35V. The rate of a temperature rise at this time (average for 2 - 5 
seconds after energization initiation) was 20 degrees C/second. Drawing 3 was 
drawing having shown the temperature-change property of the porous 
membrane after sinusoidal alternating-voltage impression initiation, and after it 
reached the highest attainment temperature and about 5.5 minutes passed in 
about 2 minutes after electrical-potential-difference impression initiation, 
temperature fell. The highest attainment temperature was 125 degrees C, and 
this was 145 degrees C or less which is (the melting point of +20 degrees C of 
polyethylene (125 degrees C)). And this porous membrane was included in the 
lithium ion rechargeable battery, it changed into the overcharge condition (it 
charges by after [ a full charge ] 1 C for 1 hour, and is 200% of charge condition), 
and the external short-circuit test was performed. A lithium ion rechargeable 



battery here It is LiCo02 as an active material to aluminum foil. Apply the carbon 
as a conductive auxiliary, and the mixture of N-methyl pyrrolidone (NMP), and it 
dries. Between the negative-electrode material which applied the graphite as an 
active material, and the mixture of NMP to the positive-electrode material and 
electrolytic copper foil which were obtained, and was obtained by drying It is 
LiPF6 in 11. of solutions which carried out equivalent (volume ratio 1:1) mixing of 
ethylene carbonate (EC) and the DMC (dimethyl carbonate) at said porous 
membrane. Two or more layered products which come to insert that into which 
the electrolytic solution which dissolved one mol was infiltrated are twisted 
around the surroundings of a center pin in piles. It is the size AA battery which 
holds this winding object in a negative-electrode can, and it comes to close with 
a positive-electrode lid (the relief valve is prepared in the negative-electrode 
can.). . As a result of the external short-circuit test, short-circuit or ignition did not 
take place at all, but the cell operated to stability, and cell condensed mercury 
temperature was also 100 degrees C or less. In addition, [C] of said 1C is a unit 
showing the magnitude of the charge and discharge current of a cell, and 1C 
shows the current value which changes a cell into a full charge condition (from a 
full charge condition to a full discharge condition) for 1 hour after a full discharge 
condition (for example, by the cell of 750mAh, 750x2=1 500mA and 0.5C are set 
[ 1 C ] to 750 / 2= 350mA by 750mA and 2C). 



[0025] (Example 1 of a comparison) Porous membrane was obtained like said 
example 1 except having used polyethylene of 50% of crystallinity, and 
polypropylene of 60% of crystallinity. And the trial same about this porous 
membrane as said example 1 was performed. Drawing 4 is drawing having 
shown the temperature-change property of the porous membrane after the 
sinusoidal alternating-voltage impression initiation at this time, and was attained 
to 150 degrees C in about 20 seconds after electrical-potential-difference 
impression initiation. Although it could expect that the highest attainment 
temperature was still higher, since porous membrane fused and between the 
positive-electrode-negative electrode short-circuited when 

electrical-potential-difference impression was continued and it went, the safety 
device of a power source worked, energization stopped, and the measurement 
beyond this became impossible. And when this porous membrane was included 
in the cell like said example 1 and the external short-circuit test after overcharge 
was performed, cell condensed mercury temperature rose [ two pieces ] at 120 
degrees C or more among ten cells. 

[0026] (Example 2) After preparing polyethylene of 70% of crystallinity, and 
polypropylene of 80% of crystallinity and mixing these at a rate of a mixing ratio 
(polyethylene: polypropylene) 5:5, (film-izing) and the 1st filmy material (film) 
was obtained. [ the shape of film ] Moreover, the 2nd filmy material (film) which 



consists of a polypropylene simple substance was produced independently. And 
the 2nd filmy material was put on both the principal planes of the 1st filmy 
material (film), respectively, heat was applied for this laminated material (at 115 
degrees C), 1 shaft extension of 160% of draw magnification was performed, 
and the laminating porous membrane whose thickness is 25 micrometers was 
produced. The ratio of the thickness of three layers was 1:1:1 and the rate of 
combination of the polyethylene per whole film was 16.7 % of the weight. And 
the trial same about this laminating porous membrane as said example 1 was 
performed. Drawing 5 is drawing having shown the temperature-change 
property of the porous membrane after the sinusoidal alternating-voltage 
impression initiation at this time, and reached the highest attainment 
temperature in about 1 1 minutes after electrical-potential-difference impression 
initiation. The highest attainment temperature was 127 degrees C, and this was 
145 degrees C or less which is (the melting point of +20 degrees C of 
polyethylene (125 degrees C)). Then, when this porous membrane was included 
in the lithium ion rechargeable battery like said example 1 and the external 
short-circuit test was performed, short-circuit or ignition did not take place at all, 
but operated to stability, and cell condensed mercury temperature was also 100 
degrees C or less. 

[0027} (Example 2 of a comparison) As a raw material of the 1st filmy material 



(film), crystallinity obtained tine laminating porous membrane of the laminated 
structure of 3 layer structures like said example 2, except that crystallinity used 
60% of polypropylene, 50% of polyethylene, and. And the trial same about this 
porous membrane as said example 1 was performed. Drawing 6 is drawing 
having shown the temperature-change property of the porous membrane after 
the sinusoidal alternating-voltage impression initiation at this time, the highest 
attainment temperature is 157 degrees C, and this became higher than 145 
degrees C which is (the melting point of +20 degrees C of polyethylene (125 
degrees C)). When this porous membrane was included in the lithium ion 
rechargeable battery and the external short-circuit test was performed like said 
example 1, cell condensed mercury temperature rose [ two pieces ] at 120 
degrees C or more among ten cells. 

[0028] (Example 3 of a comparison) the laminating porous membrane of the 
laminated structure of 3 layer structures was obtained like said example 2 except 
having set the ratio of the thickness of three layers to 2:1:2 (the 1st filmy material 
of middle ~ porosity ~ the thickness of the layer which were-izing [ the layer ] 
and was obtained ~ small ~ the 2nd filmy material of both ** - porosity ~ the 
thickness of the layer which were-izing [ the layer ] and was obtained ~ greatly), 
and having carried out content of the polyethylene per whole film to 10% of the 
"^^'Sht. Drawing 7 was drawing having shown the temperature-change property 



of the porous membrane after the sinusoidal alternating-voltage impression 
initiation at this time, and the highest attainment temperature was 160 degrees C, 
and was higher than 145 degrees C which is (the melting point of +20 degrees C 
of polyethylene (125 degrees C)). Then, when this porous membrane was 
included in the lithium ion rechargeable battery and the external short-circuit test 
was performed like said example 1, cell condensed mercury temperature rose 
[ two pieces ] at 120 degrees C or more among ten cells. 
[0029] 

[Effect of the Invention] As mentioned above, according to this invention, it is the 
porous membrane which consists of polyethylene and polypropylene, and when 
it is used as a separator for cells, the porous membrane [ shut / to extent which 
can intercept a current / an instant / porous membrane / quantity-izes / 
resistance-/ and ] can be offered after the outstanding current screening effect 
(the shutdown effectiveness), i.e., melting of polyethylene. Moreover, the 
manufacture approach of porous membrane that the porous membrane of this 
this invention can be manufactured simply and rationally can be offered. 
Moreover, even if it carries out an external short circuit, neither ignition nor 
short-circuit takes place, but can offer the lithium ion rechargeable battery which 
operates stably. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The temperature characteristic of porous membrane is the side 
elevation having shown the outline configuration of the evaluation testing 
machine to evaluate. 

[Drawing 2] It is the cross-section perspective view having shown typically the 
membrane structure of the porous membrane of this invention, conventional 
polyethylene, and the alloy of polypropylene. 

[Drawing 3] It is drawing having shown the temperature change of the porous 
membrane after sinusoidal alternating-voltage impression initiation of the porous 
membrane by the example 1 . 

[Drawing 4] It is drawing having shown the temperature change of the porous 
membrane after sinusoidal alternating-voltage impression initiation of the porous 
membrane by the example 1 of a comparison. 

[Drawing 5] It is drawing having shown the temperature change of the porous 
membrane after sinusoidal alternating-voltage impression initiation of the porous 
membrane by the example 2. 

[Drawing 6] It is drawing having shown the temperature change of the porous 



membrane after sinusoidal alternating-voltage impression initiation of the porous 
membrane by the example 2 of a comparison. 

[Drawing 7] It is drawing having shown the temperature change of the porous 
membrane after sinusoidal alternating-voltage impression initiation of the porous 
membrane by the example 3 of a comparison. 
[Description of Notations] 

1 Electrode 

2 Electrode Which Served as Installation Base of Porous Membrane 

3 Clip for Fixing Porous Membrane to Top Face of Electrode 
4a Temperature sensor 

4 Thermometer Which Outputs Temperature Detected with Temperature Sensor 

5 AC Power Supply 

10 Porous Membrane into which Electrolytic Solution Sank 
10a Polyethylene section 

10b Polypropylene section 

11 12 Current 



